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HIGH~SPEED DRAG TESTS OF SEVERAL FUSELAGE SHAPES 
IN COMBINATION WITH A WInG 
By Eugene C. Draley 
SUMMARY 
Drag tests were made in t he 8-foot hi g h-speed wind 
tunnel of 23 conditions combining six streamline shap es 
and three conventional cowling-fuselage bodies. All the 
modela were tested in combination with a wing in order to 
include win~-fuseia~ e interference effects. The data we re 
obtained at speeds up to 440 miles per hour, correspondin~ 
to a Mach number of 0.60 and to a Reynolds number, based 
on a representative fuselage len~th (60 in.), of 17, 400 , 00 0. 
Tests were made with both normal and fixed transition; the 
fixed transition is considered to represent t h e true drag 
characteristics at full-scale flight conditions better than 
normal transition. 
The results from the tests of the combinations with 
three streamline oodies gave effective fuselage-drag coef-
ficients from 0.046 to 0.057 at ~peeds from 260 to 4 40 
miles per hour. The relative drag of two of these bodies, 
differing only in fineness ratio, was consider a bly changed 
by compressibility effects at high speeds. Relatively 
blunt noses on streamline bodies in conjunction with the 
win~ p roduced little or no changes in either the drag or 
the compressibility effects. A cooling-air intake openi n g 
in the blunt nose caused about 7-percent increase in the 
dra~ with no significant changes in the compressibility 
e ffects. The best radial-engine cowling-fuselage combina-
tions had, without cooling air, drags 18 to 21 percent 
~reater than the corresponding streamline fusela~est de-
p ending on the speed and t h o body. 
The critiCal speeds of the combinations tested were. 
in general, determined by the wing-fuselage juncture. Oa1-
cul~tions indicate t~at material gains in critical speed 
would be obtained for the streamline bodies with a wing 
~aving a lower p e ak local velocity than that of the test 
wing. 
INTRODUCTION 
Thoug h a considera ble amount of aerodynamic data for 
fuselage shapes is a lready ava ilable, most of these data 
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are of limited value because of the low Reynolds numbers 
and particularly of the low Mach numbers of the tests. 
Present and prospective speeds of aircraft demonstrate ' the 
need for data applicable at high speeds where compressibil-
ity effects . are important. 
Investigations of compressibility effect~ conducted 
by the NACA have now been extended to include tests of 
several streamline forms and some modifications of these 
for~s to ~epresent bodies with en~ines installed. 
So far as is known, these data are the first available 
at such hi~h Mach numbers; compressibility effects up to 
rather high though, in general, s~bcritical speeds are in-
,clud,ed. 
APPARATUS AND METRODS 
The investigation was conducted in the 8-foot hi~h­
speed wind tunnsl, a single-return closed-throat ~ype with 
a circular cross section. The wing of the model completely 
spanned the test section. Airfoil transition data obtained 
in this tunnel indicate that the degree of turbulence is 
low, though greater than that of free air. 
In order to include interference effects, the various 
fuselage-shape combinations were tested in a midwing posi-
tion on the model of a transport airplano wing used for 
the tests of reference 1. This wing has a rectangular 
center section of NACA 2215 airfoil profile; the chord of 
the center sec~ion is 20.25 inches and its span is 35.50 
inches. Outboard of the center sectiorn, the wing tapers 
to an NACA 2212 airfoil profile at a station 50.58 inches 
from the center line of the wing. 
Six streamline fuselages (fig. 1) were tested. These 
models consisted of three streamline bodies with four nose 
variations. Body 1 with noge 1 is a slight modification 
of the NACA streamline form III (reference 2), giving a 
fineness ratio of 5.12'0 Nose 2 was made by foreshortening 
the axial ordinates of nose 1; the fineness ratio of this 
nose with body 1 is thus 4.84. Body 2 was made from body 
1 by cutting the center section down to a cylindrical 
shape of a smaller diameter and fairing the ends of this 
section, which with nose 1 has a fineness ratio of S.OS. 
Body 2 with nose 2 (fi~. 2) has a fineness ratio of 5.23. 
Nose 2-A (fig. 3) was made by cutting an opening in nose 2 
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to simulate a cooling-air intake. Eody 3 with nose 3 was 
reproduced from scaled-down ordinates of body 1 with nose 
1. The maximum diameter and the fineness ratio arc the 
same as for body 2 with nose 1. 
The ordinates for three of the streamline shapes arc 
~iven in table I. The ordinates for the other shapes can 
be obtained by combining the ordinates for a particular 
nose and for a particular body. The dimensions of the 
nose opening are given in figure 1. 
The three radial-en~ino cowlings tested (fi~. 1) have 
tho same shape and designation as in reference 3. Cowling 
5 has a shnrp loadin~-ed~e curvature a nd a large intake 
opcnin~. Oowlin~ 7 has a shorter axial length. a smaller 
intake opening. and a more ~enerous curvature than cowlin~ 
5. Cowling C (fig. 4), designed for high critical speed, 
has the same axial length as cowling 5 but a smaller in-
~ake opening. 
All cowlings were tested with baffles to provide a 
suitable pressure drop for engine coolin~. A short skirt 
was used w~en the cowling exit was open; a lon~ skirt. 
with slot filled and faired with plasticine. was used when 
the cowlin~ exit was closed. The dim~nsioqs of the qombi-
nations with cowlin~s are included in fi~ure 1. A detailed 
description of the cowlin~s, the skirts, and the baffles 
is ~iven in reference 3. 
Great caro Was taken in the construction and the fin-i -shin~ of the models to insure surfaco smoothness a n d ac-
curacy of shape. 
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C. closed, on body 1, the thread was located 0.5 inch 
back of the leading edge of the cowling. (See fig. ~.) 
All other cowling-fuselage combinations were tested only 
with normal transition. The drag of the thread alone was 
believed to be insignificant. The method and the signif-
icance of fixing transition are discussed in reference 1. 
The main limitation of the lift and the speed range 
of the tests was the strength of tho models. The range 
limits and test conditions of this investigatiorr are given 
in tables II and III. 
TABLE II. Limits of Speed Range and Lift Coefficient 
Approx- Fuselage angle Air speed, Mach Reynolds number, 
imate of attack, aF ·V number, R, based on 
°L (de{?; ) (mph) M fuselage length 
0.4 2 260 0.35 11,700,000 
.3 1 380 .51 15,400,000 
.2 
° 
440 .60 17,400,000 
I I .1 -1 440 .60 I 17,400,000 I I 
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TABLE III. Test Cenditiens 
Cembinatien Cewling cenditien. 
Cenditien Transitien Cewl-
Bedy Nese ing Baffle Exit 
1 1 1 Nermal 
- - -2 1 1 Fixed 
- - -3 1 2 Nermal 
- - -
4 1 2 Fixed 
- - -5 1 
-
Nermal C Open Open 
6 1 
-
de. C Clesed de~ 
7 1 
-
de. C I de. Clesed 8 1 
-
Fixed C de. de. 
9 1 
-
Nermal 5 Open Open 
10 1 
- de. 5 Clesed Closed 
11 2 1 de. 
- - -12 2 1 Fixed 
- - -13 2 2 Nermal 
- - -14 2 2 Fixed 
- - -15 2 
-
Nermal C Open Open 
16 2 
-
de. C Clesed de. 
17 2 
-
de. C de. Clesed 
18 2 
-
de. 7 Open Open 
19 2 
-
de. 7 Clesed Clesed 
20 2 2-A de. 
- - -21 2 2-A Fixed 
- - -22 3 3 Nermal 
- - -23 3 3 Fixed 
- - -i 
The angle ef attack ran€ed frem _10. to. 20. with a sp e ed 
range frem 140 to abeut 440 miles per heur. The cerre-
spending Mach numbers were frem 0.17 to. 0.60, and the 
Reynelds numbers, based en fuselag9 length, were frem 
6,500,000 to. 17,400,000. 
SYMBOLS 
The definitiens ef the symbels used in this repert 
are presented in the fellewing list~ 
L representative fuselage length 
P mass density of the air 
:} 
Ll"'\ j 
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v air speed 
q dynamic pressure (i p Va) 
cx,F fuselage angle of attack 
A maximum cross-sectional area of the fuselage 
DF effective fUselage drag [(drag of wing and 
fuselage together - (drag of the wing alone)] 
C Dp 
CL 
IJ. 
M 
Mcr 
effective fus.eIage drag coefficient (DF/qA) 
lift coefficient 
coefficient of viscosity of air 
Mach number (the ratio of air speed to the 
speed of sound in air) 
Mach number at which local speed of sound is 
reached 
Reynolds number (p V L/~) 
RESULTS AND DISCUSSION 
Results for the streamline shapes with fixed transi-
tion are presented in figures 5, 6. and 7 together with 
some results for various radial-engine cowling-fuselage 
combinations. The more imnortant data in the three fig-
ures are plotted against ~F in figure 8. The resuits 
for normal transition on streamline bodies are presented 
in figures 9, 10. and 11 with results for the radial-engine 
cowling-fuselage combinations. 
Table.IV includes the more important results of the 
str€amline fuselages with fixed transition and of the 
c owling- fuselage combinations. 
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TABLE IV 
CD F 
Condition Combination 
M = 0.35 M = 0.60 
2 Body 1. nose 1 0.0471 0.0512 
4 Body 1. nose 2 .0462 .0500 
7 Cowling C closed. body 1 .0540 .0570 
8 Cowling C cl0 sed, body 1 .0555 .0587 
(fixed transition) 
10 Cowling 5 closed, body 1 .2450 .2820 
12 Bo dy 2. nose 1 .0535 .0568 
14 Body 2, nose 2 .0526 .0545 
17 Cowling C closed. body 2 I .0640 .0685 
19 Cowling 7 closed. body 2 .0640 a. llOO 
21 Body 2, nose 2-A .0559 .0592 
23 Body 3. nose 3 I .0517 .0512 
! 
I 
a This value is approximate. 
Comparisons throughout the report are, in general. 
made on the basis of the fixed-transition data. This pro-
cedure i~ adopted beCause these data represent more near-
ly full-scale conditions by approximating full-scale 
boundary-layer conditions. An exception to this general 
procedure occurs for the models with cowlings. For these 
data normal transition is generally well forward. approxi-
mating full-scale conditions because the large adverse 
pressure gradients occurring close to the nose tend to de-
termine the transition location. Any decisive movement of 
transition on the radial-engine cowlings a~ R~ynolds num-
bers higher than the ones obtained in these tests is un-
likely. As a verification of this procedure, cowling C 
was tested with both normal and fixed transition. Eecause 
of the nature of the preDsure distribution for this cowl-
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ing, the greatest transition movements would occur with 
it. The difference between the normal and the fixed tran-
sition data, however, was only 3 percent, which is well 
within the accuracy required for comparisons of the data. 
For the other cowlings the difference would be much less. 
£i£§§mlin§_sh§~§~.- At low speeds (M = 0.35 or about 
260 mph) the GDF of body 2, nose 1 was 14 percent great-
er than that of body 1, nose 1 (fi~. 5). The actual drag 
was 19 percent less. This result is partly accounted for 
by the fact that the surface area of body 2. nose 1 is 12 
percent less than that of body 1. nose 1. The higher an
F 
for body 2, nose 1 1s due,to the smaller cross-sectional 
area, the area used in determining the GDF values. The 
CDF of body 3, nose 3 was about 3.4 percent less than 
that of body 2, nose 1; body 3, nose 3 had about 3.7 per-
cent less surface area than body 2, nose 1. Thus, at the 
lower speeds, body I, nose ~ had the lowest drag coeffi-
cient of the three shapes just discussed: body 3, nose 3 
and body 2, nose 1 had drag coefficients 10 and 14 percent 
greater, respectively. 
At higher speeds (M = 0.60) there was little dif-
ference between body 1, nose 1 and body 3, nose 3. The 
GDF of body 2, nose 1, however, was about 11 percent 
greater than the corresponding values for either of the 
other two combinations. 
In fi~ures 6 and 7, comparisons of the slopes of the 
estimated incompressible-flow curves ·and of the expori-
mental curves for body l~ nose 1 and body 3, no~e 3, re-
spectively, indicate the probable magnitude of the com-
presGibi~ity effects. The eGtima~ed turbulent 'skin-
~riction drag data with allowance for finenesa-ratio dif-
f"erencesfor body 1, nose I, and body 3, nose 3, (figs. ·6 
and 7) were taken from reference 2. It was assumed that 
the drag data from this source were all due to turbulent 
skin friction for Reynolds numbers fro.m 6,000,000 to 
20,000,000 and, because of the low speeds at which the 
data were obtained, tho compressibility effects can be 
considered insignificant. Thus, the difference between 
the slopes of this estimated curve ~nd the slopes of the 
f~xed-transitiorr data nresented in this report indicates 
the probable magnitude
4
0f the comprossibility effects. 
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Body 3, nose 3 had only a small increase in CDF due 
to compressibility; whereas, body I, nose 1 had more seri-
ous effects, as mi~ht be expected on account of the differ-
ence of fineaess ratios. The results of the tests of body 
2, nose 1 also showed compressibility effects similar to 
those for body I, nose 1. The~e chan~es of effective drag 
coefficient with speed were undoubtedly compressibility 
effects and are illustrative of the errors involved in ap-
plying data obtained at relatively low speeds to high 
speeds where comprossibility effects are important. In 
the consideration of these compressibility effects, it 
s~ould be appreciated that they are dependent in large 
measure on conditions- at the wing-fuselage juncture. Actu-
ally, the critical speed was determined by the aerodynamic 
interference effects at the win~-fusela~e juncture in all 
cases except for cowlings 5 and 7. These effects will 
later be discussed in detail. 
The two remaining variations in the _streamline fuse-
lages were made by the SUbstitution of nose 2, a more 
blunt nose, for nose 1 on bodies 1 and 2. 
At values for M of 0.35 and 0.60~ body 1 had a CDr 
about 2.3 percent lower with nose 2 than it had with nose 
1 (fi~. 5). The corresponding decrease in surface area 
was 3~7 percent. 
The similar compressibility ~ffects noted jor these 
two body-nose c~mbinations indicate no change in critical 
speed. For the bodies alone this conclusion would proba-
bly be invalid. In this instance, however, it is likely 
that the increase in the induced velocity caused by the 
curvature of the blunt nose exists over only the forward 
portion of the body and is of smaller magnitude -than the 
maximum induced velocity at the wing-fuselage juncture. 
The critical speed, as previously noted, is then deter-
mined largely by the aerodynamic interference effects at 
the wing-body juncture. 
At low speeds (M = 0.35), the effects of changing 
the nose shape on body 2 were similar to those on body 1. 
At higher speeds (M = 0.60), as indicated by the slopes 
of the corresponding curves in figure 7, the \''Ting-body 2 
combination with nose 2 had smaller compressibility ef-
fects than did the same combination with nose 1. 
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A probable reason for the difference is that nose 2, 
the blunter nose, changed the shape of the velocity dis-
tribution over the body. For the body alone, it would 
normally be expected that nose 2 would have higher local 
velocities than nose 1 and thus have greater compressibil-
ity effects. The region of high local velocity for nose 
2, however, probably occurs relatively farther forward on 
the body and, provided that the peak local velocity was 
not extremely great, this forward position would tend to 
give lower induced velocities farther back on the body in 
the region of the wing-fuselage juncture. Thus, if the 
maximum local velocity for the body alono is not extremely 
great, as previously noted, the compressibility effects 
are in a lar~e measure the result of aerodynamic interfer-
ence effects at the wing-body juncture. The probable 
slightly lower local velocities ut the wing~body juncture 
for nose 2 would lead to later critical speed and there-
fore to smaller compressibility effects for this combina-
tion. 
A modification, nose ·2-A. was made to nose 2 in which 
an air-intake nose opening was simulated. The nose open-
ing was tested to give some indication of the relative 
form drag of this shape as compared with that of , the 
radial-engine cowlings. At low speeds (M = 0.35) the 
CDF of body 2, nose 2-A was about 7 percent greater than 
that of body 2, nose 2 (fl •. 7). At higher speeds (M = 
0.60) the drag increase was 8.6 percent. A very slight 
compressibility effect is thus indicated. With cooling-
air flow it is likely that this drag increment would be 
decreased. 
If t~e preceding comparisons are to be based on the 
fixed-transition data. it is well to note that the dif-
ference in drag of body 1, nose 1 was increased 29 per-
cent (see figs. 5 an~ 9) 'by fixing transitioa. This value 
is i~ good agr~ement with calculations. Similar increments 
were observed for the other streamline models. 
The large drag increments could be expected because 
at these ReynOlds numbers extensive laminar boundary lay-
ers exist. At higher Reynolds numbers corr~spo~ding to 
full-scale conditions, no very extensive laminar boundary 
layers are obtained. The noted drag increase indicates 
the magnitude of difference due to boundary-layer condi-
tions and demonstrates the importance of fixed-transiti o n 
~esults for application at full-scale conditions. Po ssi-
ble errors resulting from the selectiorr of the locations 
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at which transition occurs and from the effect of the small 
degree of tunnel turbulonce on the normal-transition loca-
tion are small and are believed to be not in excess of a 
fow porcent of the body length. These results as well as 
other tests indicate, moreover, that for bodies of the 
type investigated the compressibility effects are not al-
tered by fixing the transitio~ location. 
The procedure of fixing transition cannot at present 
be assumed to ~ive results exactly corresponding to full~ 
sCale conditions but· the method does indicate the proba-
bility of lar~e errors in the extrapolation of model data 
to hi~h Reynolds numbers • 
.B~Q.i§1..::i2nsin.Q-.9Q}Y1.ing::f~'§.Q1.§&Q __ ..QQl!l.:Qi!H!1iQn s • - The use 
of cowling C, closed, in place of the nose increased the 
values of CDF for bodies 1 and 2 with nose 1 from 15 to 
21 percent, depending on the speed and the body (figs. 6 
and 7). This increase wa s about twice as ~reat as the in-
crease caused by the nose opening in nose 2-A. Throughout 
the speed r a nge for the se tests, cowling C, closed, had 
compressibility effects similar to those of the streamline 
bodi 0 s. 
At low speeds the results obtained with cowling 7, 
closed, were about the same as those obtained for cowlin~ 
C. Cowlin~ 7, howeve~, had a low critical speed (M crs 
approximately 0.56) and is therefore undesirable for use 
at high speeds·. 
With cowling 5, closed, the increase in dra~ over the 
streamline body was considerably ~reater than with cowl-
in~s C and 7, closed. At a low speed (M:: 0.18) the 
value of CDF was increased a p proximately 50 percent and 
at any higher speed a sharp drag increase occurred (ap-
proximately 400 ~ercent). This effect was also noted in 
an earlier investigation (reference 3) and was shown to be 
due to separatiorr r~ther than to compressibility effects. 
When cowling 5 was tes~ed with cooling air, the sharp in~ 
crease due to separation was delayed to a higher speod 
(M :: 0.35). The results for cowling 5 show, hqwever, tbat 
this shape is very critical and a slight change in an~le 
of attack produced the sharp rise in .drag even at speeds 
below that for separation at aF:: 0 0 ; cowling 5 has 
therefore definitely poor drag characteristics at any speed. 
When cooling air WaS allowed to pass th~ou~h cowlin~s 
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C and 7 with baffles to simulate the pressure drop for en~ 
gine cooling, increases in CDF were observed (fi~s. 9 
and 10). Cowling 7 caused 8 percent higher CDF than 
cowling C caused for Mach numbers below the critical for 
cowling 7. This result was somewhat lower than the differ-
ence indicated in reference 3, but the variation may be 
due to the difference in the amount of cooling air in the 
two tests. 
Wing-fusela~_ln!~~f~~~nQ~QQm~~~~§1~111ix-~ff~Q!~.­
In an in7estigation that includes the comb~ned compressi-
bility e f fects of two or more parts, the amount which each 
contributes to the total becomes important. The computed 
Mcr for body 3, nose 3 alone was 0.88; for body 1, nose 1. 
0.86; and, for the wing tested, 0.67. These values were 
calculated from the theoretical Eeak pressure (references 
3 and 4) according to the l/~-~ variation (refer-
ence 5). By the addition of the superstream velocities 
of the comp'onent parts, the maximum superstream velocities 
of the com~inations were obtained. ~hese values indicated 
critical Mach numbers for these two wing-fuselage combina-
tions of 0.6 3 and 0.62, respectively. These calculations 
indicate ·that the ma~nitude of the compre s sibility effects 
shown . in these tests i~ largely due to the velocities over 
the wing and would be considerably less for the bodies 
alone. Comparisons of the compressibility effects between 
body 1. nose 1 and body 3, nose J are, however, correct 
beCause the peak superstream velocities of these fUselages 
and of the wing coincide. 
The foregoi ng section shows that the wing, with a 
superstream velo c ity ,of 0.2921 as compared with 0.0691 and 
0.0861 for · the fuselages, would be the logical part to im-
prove in any conventional airplane design to obtain small-
. er compressibility effects and higher critical speeds. A 
more suitable wing would have a smaller maximum local vc-
locity. For example. if a · wing with a maximum superstream 
velocity 0.21 were uscd with body 3, nose 3, the computcd 
speed WQuld be at an M of 0.68 which, when compared with 
the computed value of Mcr ~ O~63 for the test win~ with 
the sam~ fuselage, represents a difference in critical . 
s ~a ed of about 40 miles per hour at standard sea-level con-
ditions. Similar ~ains are obtainable for the other stream-
line fusela~os with a wing having a lower peak local veloc-
ity than the test wings. Tho fixed cri t ical speeds of 
the r~ dial-en~ine cowlings prevent any further gains for 
combinations of these shapes. Thus, cowling C, the best 
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of those types, has a critical speod at an M of 0.623 
(r~ference 3); no increases in critical speeds can be ob-
tained in this case by chan~ing the wing or the win~-body 
juncture. 
Tests of three streamline bodies with a test win~ 
~avo effective fuselage-dra~ coefficients from 0.046 to 
0.057 at speeds from 260 to 440 miles per hour. At hi~h 
spe e ds. the relative dra~ of two of these fusela~e-win~ 
combinations, differin~ only in fineness ratio, was consid-
erably chan~ed by compressibility effects. 
Relatively blunt noses on streamline bodies in con-
junction with a wing produced little or no changes in -the 
dra~ or the compressibilit y effects. A cooling-air intake 
o pen in~ in the blunt nose caused about 7 percent increase 
in the dra~ with no si~nificant chances in the oompressi-
bili t~.r effect s. 
The best radial-en~ine cowling-fuselagB combinations 
had, wit~out coolin~ air, dra~s from 18 to 21 percent 
greater than the corresponding stroamli~e fusela~es, de-
pendin~ on the speed and the body. 
The critical speeds of the combinations tested were, 
in ~eneralt determined by the wing-fuselage juncture. 
Calculations show that, by an improvement of this region 
for the streamline bodies, material ~ains in critical 
spoed would be obtainable. Similar ~ains in critical 
speed cannot be expected in systems usin~ a conventional 
radial-ensine cowlin~ because of the low critical speed of 
the cowlin~ itself. 
L an~ ley Memorial Aeron~uticnl Laboratory, 
National Advisory Committee for Aeronautics~ 
Langley Field. Va., July 10. 1940. 
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